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S U M M A RY 
Putting the food system  
on a new trajectory
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Our food systems are failing us. This is the 
overarching message from the wealth of 
literature on food systems.1 Analysis by Bene 
and colleagues finds that this growing body 
of literature focuses on four main types of 
failures: food systems’ inability (i) to produce 
greater quantities of food to feed a growing 
world population, (ii) to meet nutritional needs, 
and (iii) to benefit everyone equally and equita-
bly, with both over- and underconsumption rife 
in current food systems, plus (iv) the negative 
impacts of food systems on the environment 
and natural resources.1 Last but far from least, 
climate change is increasingly having severe 
negative impacts on food systems, while food 
systems themselves are part of the problem 
through direct and indirect emissions.2 Our 
score for the global food system: cause for 
grave concern.
To address the challenges, numerous goals 
and targets have been proposed (some are 
shown in Figure A) and many initiatives have 
been established. 
Zero hunger by 2030 Dietary targets
Zero 
deforestation
Halve per capita global 






















F I G U R E A.  Some examples of food system targets3,4,5
Unfortunately, we can take almost any one of these goals and show that we are not on track to achieve 
it. For example, the pace at which we are reducing undernutrition is not good enough to achieve the 
Sustainable Development Goal (SDG) for “zero hunger” (Figure B). And in terms of climate targets, 
our society has not taken the actions necessary to limit global warming to 2°C, let alone 1.5°C. With 
the current policies we may only achieve a disastrous 3.1°C to 3.7°C warmer world.6 The number of 
climate-related natural disasters is climbing at an alarming rate (Figure C), with significant economic 
and health impacts, especially for the most vulnerable. Adaptation is needed on a large scale—there 
will be over 500 million small-scale agricultural producers in 2030—but we are not on target to build 
their resilience within a decade to greater frequencies and intensities of extreme events.
F I G U R E B.  Global prevalence of undernutrition FIGURE C. Number of extreme climate events worldwide
Source: data from FAOSTAT.7 Source: Munich Re NatCatSERVICE. 
SDG 2 EAT-Lancet
FAOSDG12
Global Commission on Adaptation 
SDG15
Build resilience of 300+ million small-scale 
agricultural producers by 2030
Halt biodiversity loss and, by 2020, protect and 
prevent extinction of threatened species
Science Based Targets Iniative
Reduce agricultural emissions  
by 1 Gt by 2030
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Why this report? 
Nothing short of a systemic transformation of food systems is required if 
we are to feed the world’s current and future population sustainably under 
climate change. 
Furthermore, as a significant driver of deforestation and contributor of green-
house gases, the agriculture sector cannot be excluded from climate action if 
we are to meet global climate targets like the Paris Agreement. 
We are not the first to argue that transformation is necessary. Others have 
demonstrated that it is needed to tackle a number of urgent issues
—nutrition security, small-scale producer yields and incomes, poverty, gender 
disparities and social inclusion, biodiversity conservation and ecosystem 
protection, and shifting power dynamics, among others. But where, in the 
complexity of food systems, are the best levers to achieve change? 
Through extensive research, analysis, and stakeholder consultation, we aimed 
to identify the high priority actions that we must collectively take now, for 
climate change adaptation and mitigation in food systems. Taken together, 
these actions are the basis of the systemic transformation that is needed in 
food systems.  
We propose four action areas: 
 1  Reroute farming and rural livelihoods to new trajectories, 
to deal with greenhouse gas emissions, reduce inequality, address 
gender and social inclusion, and incentivize climate-resilient practices 
that meet dietary needs.
 2  de-Risk livelihoods, farms and value chains, reducing the 
impact of variable weather and extreme events through attention to 
inclusive early warning systems, adaptive safety nets, and climate-
informed advisories and other services.
 3  Reduce emissions from diets and value chains, involving 
significant dietary shifts and massive reductions in food loss and waste.  
 4  Realign policies, finance, support to social movements, and innovation to build 
more resilient and sustainable food systems. This action area cuts across the other three, with 
attention to realigning subsidies and trade, dealing with power inequities and marginalization, 
bringing in billions of dollars in private sector investment, transforming innovation systems, 
and underpinning and supporting social movements addressing climate, livelihoods and food 
systems. 
Within these four action areas are 11 transformative actions. For each action we identify a goal (the 
“what”), mechanisms to achieve this goal (the “how”), and target geographic areas (the “where”).  
As for the “who,” everyone has a part to play in the transition. We outline roles for different stakehold-
er groups. As leaders of agencies and initiatives, we seek to mainstream relevant actions within our 
own organizations. 
“If we are to achieve 
the global goals of 
a healthy planet, 







 —Juergen Voegele, 
Vice President for 
Sustainable Development, 
World Bank Group
Actions to Transform Food Systems Under Climate Change   |   7





Secure resilient livelihoods and value chains through early warning systems 
and adaptive safety nets: End dependence on humanitarian assistance for 40 million rural 
dwellers by 2030, realigning US$5 billion per year for adaptive safety nets.
Help farmers make better choices: Take climate services to scale by connecting 200 





from diets  
and value 
chains 
Shift to healthy and sustainable climate-friendly diets: Incentivize dramatic 
reductions in beef and dairy consumption in 15 high- and middle-income countries and all C40 
cities by 2030.
Reduce food loss and waste: By 2030, target 50% reductions in food loss and waste in 











Implement policy and institutional changes that enable transformation: By 
2025, realign US$300 billion of agricultural subsidies to a climate change agenda in 16 countries, 
improve “ease of doing business” in 24 sub-Saharan African countries, and significantly improve 
the readiness score of the ND-GAIN Index in 49 countries. 
Unlock billions in sustainable finance: Unlock US$320 billion in public and private 
capital per year to realize business opportunities in the implementation of the SDGs.
Drive social change for more sustainable decisions: Reach 10 million young people 
by 2025 through science-based social movements to catalyze climate action in food systems.
Transform innovation systems to deliver impacts at scale: By 2025, significantly 
change the approach of public agricultural research for development, with at least 50% of  












Ensure zero agricultural land expansion on high-carbon landscapes: Avoid 
expansion on 250 million hectares of tropical forests and 400 million hectares of peatlands.
Enable markets and public sector actions to incentivize climate-resilient 
and low emission practices: Bring 200 million farmers into appropriate markets by 2030 
through increased profitability and market development.
Support prosperity through mobility and rural reinvigoration: Build attractive 
rural livelihoods, including exits from agriculture, and create 20 million rural jobs by 2030, 
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C H A P T E R 1 
A food system  
report card
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A “report card” for the global food system might look something like this:
Quantity of food produced
On the face of it, the global food system has performed astonishingly well since the 1950s: real 
prices of food were constant (or even declining) until the early 2000s at the same time as the 
human population was expanding significantly, from about 2.7 billion people in 1955 to more 
than 7.7 billion today. Overall, there has been considerable and undeniable progress in reducing 
rates of undernutrition, from 37% in developing countries in 1969–71, to below 15% today and 
improving levels of nutrition and health. However, substantial regional differences exist. In addi-
tion, as a result of extreme events and unreliable weather, we have seen significant shortfalls in 
production in specific regions, which are likely to be exacerbated by climate change.8
Accessibility of food produced
The last three years have seen a rise in world hunger after a prolonged decline.8 About one in 
nine people are undernourished, and 2 billion suffer micronutrient deficiencies. Undernutrition 
and severe food insecurity are increasing in almost all regions of Africa as well as in South 
America.
Human health and nutrition
Challenges remain around the “triple burden” of malnutrition: protein-energy malnutrition, 
micronutrient deficiency, and obesity. Global nutrition indices have been increasing since 2008 
as decreasing deficits in nutrition have more than compensated for the rise in obesity globally.9 
This compensation may not last, however. 
Rural poverty
Poverty rates are higher in rural areas than in urban ones (e.g., in 2013, 18.2% of rural residents 
and 5.5% of urban residents were in extreme poverty).10 Thus despite decades of attention to 
agricultural development, poverty and food insecurity remain, especially among rural dwellers 
in South Asia, Africa and Central America.11 In sub-Saharan Africa, numbers for extreme 
poverty are not coming down (Figure 1). Feminization 
of agriculture is occurring in many regions, partly as a 
result of male migration for employment.12 Women’s 
workloads are increasing, while the absence of the male 








1990 1995 2000 2005 2010 2015
F I G U R E 1.   Population living in extreme poverty in  
sub-Saharan Africa 














but now a 
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The environment
There has been huge expansion in food production in recent decades. On one hand, crop and live-
stock production have become considerably more efficient. For example, we now use 62% less land 
and emit 46% fewer greenhouse gasses (GHGs) to produce one kilocalorie from livestock, compared 
to 1961.16 On the other hand, crop and livestock agriculture are playing a significant role in pushing 
the Earth system beyond safe operating boundaries with respect to biodiversity, and phosphorus and 
nitrogen use.17 Increasing pressures from food production in other parts of the Earth system—GHG 
emissions, land system change and freshwater use—may also soon bump up against safe operating 
































F I G U R E 2.  Falling groundwater levels in Gujarat
Source: Columbia Water Center, 2019.18




Recent decades have been characterized by rapid changes: increasing globalization; increasing 
inequality; the rise of consumer power and of social media; shifts in consumption; advances in 
technology; and rapid urbanization. 
Then there is climate change. Increases in climate variability are already having effects on 
agricultural systems and these will intensify in the future—rising CO2 concentrations are being linked 
to decreases in micronutrient densities of some staple crops20—and increasing frequencies of 
floods, droughts and extreme heat are already having serious repercussions for human wellbeing 
and health (Figure 4). These challenges are particularly problematic for many lower-income 
countries whose rural populations are largely reliant on agriculture and associated value chains. 
Many of these people are already food insecure and poor, and these are the people likely to be most 
affected by climate change. 
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As Bene and colleagues1 write, “Our food system is failing us,” while the EAT-Lancet 
report states that “global food production threatens climate stability and ecosystem 
resilience” (Figure 4). Can our food systems change rapidly enough? The window of 
opportunity for action is shrinking. Even a +1.5°C world will erode many of the advances 
that have been made in recent decades in food security and poverty reduction. The 
impacts on and disruptions to food systems, societies and economies of warmer 
trajectories require action. The pace of action to solve problems in the food system is 
worryingly slow. If we are to achieve the United Nations Sustainable Development Goals 
(SDGs) and the United Nations Framework Convention on Climate Change (UNFCCC) 
Paris Agreement, we need to massively raise ambition.
“A radical 
transformation 
of the global 
food system is 
urgently needed” 
— EAT-Lancet report
Climate change impacts on food systems
Climate change has already reduced agricultural 
production by 1–5% per decade compared to production 
levels expected with no climate change.21
On a +4°C emissions trajectory, rainfed crop production in 
most parts of southern Africa will no longer be possible. 
Common beans will no longer be viable.22
By 2050, declines of 5 –10% are projected in fish 
catch in tropical marine ecosystems.23
By 2050, 175 million more people will be zinc deficient 
and 122 million more people will be protein deficient 
because of elevated CO2 concentrations, mostly in Asia and 
Africa.20
Extreme events (droughts, floods and heatwaves) will 
become more frequent and intense. In 2018 alone, climate 
disasters directly affected nearly 30 million people and caused 
several thousand deaths.24 Growing season climate factors—
including mean climate as well as climate extremes—explain 
20%–49% of the variance of yield anomalies, with 18%–43% 
of the explained variance attributable to climate extremes, 
depending on crop type.25
Up to 200 million people could be displaced by 
climate change by 2050.26
A one standard deviation increase in drought intensity and 
length in Somalia raises the likelihood of local violent 
conflict by 62%.27
There is a strong link between drought and stunting in children. 
Drought events in Bangladesh are associated with 
a higher stunting rate around five to nine months after the 
onset of the event.8 
F I G U R E 4.  Climate change and food systems by the numbers
Food system impacts on  
climate change 
Between 2000 and 2010, 
agriculture drove 80% of 
deforestation worldwide.28
25–30% of total GHG 
emissions are attributable to 
the food system: 10–12% from 
crop and livestock activities on farms, 
8–10% from land use and land use 
change, and 5–10% from the supply 
chain.2
Agriculture uses 86% of 
anthropogenic nitrogen. Half 
the nitrogen applied to soils is not 
taken up by plants.29
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C H A P T E R 2 
Towards sustainable, inclusive, 
healthy and climate-resilient 
food systems by 2030
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We envision a world in which all people, including future generations, are well 
nourished and food secure. This is a world achieved through food systems that 
can sustainably manage current and future stresses, both climatic and non-
climatic. In this world, people are empowered to strengthen their resilience and 
adaptive capacity to climate-related hazards, while contributing to emission 
reductions and ensuring sustainable land use and the protection of ecosystems. 
This world is guided by the principles of leaving no one behind. 
Various terms have been used to describe the kind of agriculture, or the approach 
to agriculture, that is needed to achieve this vision (Figure 5), but in this report we 
try to use these terms as little as possible, and instead focus on the outcomes to 
be achieved and the mechanisms for getting there. 
Daunting targets must be achieved in food systems if the Paris Agreement targets 
and SDGs are to be realized. Food and nutritional security targets are themselves challenging, but 
they are now overlaid by the need to achieve zero net emissions globally, with substantial emission 
reductions and carbon capture in food systems.2 In addition, global temperatures will overshoot 
1.5°C, and are highly likely to overshoot 2°C, requiring more attention to adaptation and extreme 
events. 
Transformational change that embraces food systems will be 
needed to realize this vision, as 
is recognized by numerous other 
initiatives and reports.3,30,31,32,33,34,35 
Transformation here refers 
to a significant and inclusive 
redistribution of inputs and outputs 
towards sustainable, inclusive, 
healthy and climate-resilient food 
systems.36 It includes significant 
changes to the structure of 
landholdings, technologies 
and their use, capabilities and 
opportunities of women and men, 
and the distribution and dynamics 
of the population and labor 
force. Such a transformation will 
generate multiple benefits, including 
improved education, nutrition, 
health, water and sanitation, increased 
incomes for small-scale farmers, and 
empowerment of women and youth.35,37,38,39 
These benefits will translate to transformed 
and thriving livelihoods and communities. 
































What is a food system? 
The global food system1 is 
a complex web of activities 
involving production, 
processing, transport, 
and consumption. A food 
system perspective includes 
governance and economics, 
ecological sustainability, and 
the impact of food on health.
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Is transformation feasible? Examples of successful food system transformation 
in relation to climate change (or at least of components within food systems) are 
given in Box 1. While the number of cases is limited, the cases give us confidence 
that transformation is indeed possible. 
While this report focuses on actions needed for transformation, including imple-
mentation of some near-ready technologies that may initially be highly disruptive 
to current food systems, we are cognizant that innovations that we are currently 
unaware of, or whose outcomes are currently uncertain, may indeed bring major 
transformations. These are the “wild futures,” which we return to under Action 4.4: 
Transform innovation systems to deliver impacts at scale.    
 
What is a 
transformation? 
An agriculture and food 
systems transformation is a 
significant redistribution—by 
at least a third—of land, 
labor and capital, and/
or outputs and outcomes 
(e.g. types and amounts of 
production and consumption 
of goods and services) 
within a timeframe of a 
decade.
Box 1.  Examples of transformation
 1  Tigray, Ethiopia: A region in which semi-arid conditions and high rainfall variability contributed to significant 
waves of famine. Drastic positive change—an increase in irrigated land area from 40 hectares to 40,000—was 
achieved through collective action and local leadership.40 
 2  Langui, Peru: Changes in climate and markets have reduced farmers’ harvests. As a response, communities 
shifted from growing traditional staple crops to planting improved varieties of grasses for dairy production, opening 
access to a whole new dairy market.41 
 3  Louisiana, USA: Coastal erosion and sea level rise has reduced land area dramatically. Because of this, 400 out 
of the 600 members of the Native American tribe had to migrate, generating significant changes in labor activities. 
However, the affected communities took the initiative to lead their relocation and came together to exchange 
knowledge and organize advocacy through local and national social and political structures and systems.42,43 
 4  Vietnam: Dietary patterns in Vietnam have experienced dramatic changes during the last few years. This 
transition aligns with the national nutrition strategy, for which the 2012 goal was for 50% of Vietnamese households 
to achieve a dietary balance by 2015. By 2014, half of the population had a diet balance very close to the ideal.44
 5  Sweden: Max Burgers has transformed its business model to be “climate positive” through 100% renewable 
energy in its stores, 92% renewable packaging, reduction of food waste to less than 1%, carbon footprinting of all 
items on its menu, 20% of all meals served being plant based, and 110% offsetting of all remaining value chain 
emissions.45
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C H A P T E R 3 
Four action areas 
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Following a process involving extensive consultation with a wide range of stakeholders, a 
comprehensive literature review and commissioned background papers, we propose four action 
areas encompassing 11 transformative actions (Figure 6).46 
The four action areas are: 
 1  Reroute farming and rural livelihoods to new trajectories that both reduce 
emissions and are climate-resilient; 
 2  de-Risk livelihoods, farms and value chains to deal with the increasing vagaries of 
weather and extreme events; 
 3  Reduce emissions from diets and value chains, targeting health and climate 
outcomes; and 
 4  Realign policies, finance, support to social movements, and innovation to 
facilitate action in the above action areas. This action area cuts across the other three, as 
policy, finance, innovation and social change are integral parts of those action areas. 
Rerouting actions target the most important sources of GHG emissions and stimulate climate-resilient 
sustainable practices, while also addressing inequality, gender, and social inclusion, and stimulating 
practices that meet dietary needs. The aim is to put farming and rural landscapes on new trajectories.
De-risking actions focus on securing resilient livelihoods and value chains through early warning 
systems and adaptive safety nets and helping farmers make better choices through the expansion of 
climate services based on greater connectivity, inclusivity, and public-private partnerships.
Reducing actions aim to decrease emissions by focusing on consumers and value chains by 
reshaping beef and dairy consumption in 15 high- and middle-income countries and all C40 cities, 
and reducing food loss and waste in major supply chains where both GHGs and food loss or waste 
are high.
Realigning actions focus on improving policies, finance, support to social movements, and innovation 
through shifting subsidies and trade to foster more resilient and nutritious food systems; unlocking the 
necessary finance to realize business opportunities for sustainability; underpinning social movements 
with science and support; and ensuring end-to-end solutions for actors in food systems.
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While the focus of these actions is climate change adaptation and mitigation, all actions should have 
co-benefits that support other food system objectives (e.g., health benefits). That said, we recognize 
that each will have inherent trade-offs, and that implementation will be highly context-specific.
A clear example of a trade-off concerns nitrogen fertilizer (Figure 7). Too much fertilizer and there 
will be negative impacts on many SDGs. Too little fertilizer in specific contexts and the poverty and 
food security SDGs may be negatively impacted. In regions where soil fertility is extremely low and 
soil carbon is depleted—for example in the vast areas of mixed farming on granite sands in sub-
Saharan Africa—additions of inorganic nitrogen will be crucial; on rich volcanic soils where coffee 
is grown, a completely different nitrogen strategy will be needed. SDG 12, ensuring sustainable 









F I G U R E 7.  Interactions among SDGs with respect to nitrogen (N) use 
Source: Campbell et al., 2018.17
Actions also have to be tailored to the diversity of farmer types and their specific assets. Many 
farmer types can be described; for example, Stringer and colleagues47 highlight four (which we 
modify slightly): (i) conventional large-scale commercial farmers, (ii) conventional small-scale 
farmers, (iii) traditional extensive farmers further from markets in higher-risk environments (including 
many pastoralists and agro-pastoralists), and (iv) lower-endowment small-scale farmers (artisanal 
and low-input, some rural and some peri-urban, a small proportion of whom will be supplying niche 
products to diverse urban consumers). As Figure 8 shows, actions required to achieve sustainability 
need to have different emphases for each of these farmer types to move to sustainable systems, 
considering environmental, sociocultural and profitability goals. 
To generalize at a high level, and also recognizing that for many farms it is not a single pathway that 
will be adopted: For conventional large-scale commercial farmers (about 70 million farms), pathways 
will need to focus particularly on improving environmental outcomes. For conventional small-
scale farmers (up to approximately 320 million), pathways will need to focus on increasing market 
integration—with perhaps half of these able to harness the digital world, in the short term, for better 
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decisions. This group is often referred to as farmers that are “stepping up.”11 For the more extensive 
farmers in environments that face considerable climate hazards (about 30 million), pathways will 
be needed to build assets and safety nets to increase their resilience and productivity. These are 
farmers that are “hanging in,” but hopefully transitioning to “stepping up.” And for lower-endowment 
small-scale farmers (about 150 million), pathways will be needed that revitalize rural economies as 
well as foster meaningful transitions to urban economies (safety nets are also important for this 
group). This group includes those “hanging in” and food insecure, with the ambition of getting many 
to “step out.” Highly indicative numbers of farmers in the different groups are shown in Table 1. 
F I G U R E 8.  Different pathways for different types of farmers















LESS LIKELY TO 
BE DIGITALLY 
CONNECTED 
MORE LIKELY TO 
BE DIGITALLY 
CONNECTED 
Central America   2   2   3   <1   <1    9  
East Asia & Pacific   15    87    106    <1   <1    208  
Europe   28    7   7    0    1    43  
North America   2    <1   <1   0    0     2  
South Asia   2   13    41    9   105    169  
South America   9    2    1    <1   <1    12  
Southeast Asia   4    32    4    3    12    55  
Sub-Saharan Africa   3    9    <1    16    26    54  
Middle East and  
North Africa  5    <1    8    2   8    24  
















C U R R E N T E M P H A S I S D E S I R E D  F U T U R E
D I F F E R E N T PAT H W AY S  F O R  D I F F E R E N T FA R M E R S
STRONG
WEAK
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Climate change mitigation
The Paris Agreement sets a clear target for climate change mitigation: to hold the global increase in 
temperature to well below 2°C and pursue 1.5°C above pre-industrial levels. As a sector, agriculture 
cannot be excluded if we are to meet these goals.49,50,51 Agriculture drives most deforestation and 
contributes 10–12% of global GHGs annually. But mitigation in agriculture is constrained by weak 
incentives and limited access to improved technical options. Only about 20–25% of projected 
emissions in 2030 can be reduced using current best practices, but up to four times more mitigation 
could be achieved with more structural changes, such as dietary shifts away from ruminants, more 
efficient supply chains or relocating production to more efficient locations.52 Based on the mitigation 
technically possible, priorities for reducing emissions in food systems are:
• Preventing agricultural land expansion in 
high-carbon landscapes (Action 1.1);
• Changing diets, with a focus on ani-
mal-sourced food (see Reduce: Action 3.1)
• Reducing food loss and waste (see Reduce: 
Action 3.2)
• Research on possible breakthrough technol-
ogies to reduce emissions  
(see Realign: part of Action 4.4).
Figure 9 shows the relative importance of 
emissions sources in food systems and their 


















F I G U R E 9.   Climate change mitigation opportunities in the food 
system in 2030 
Data sources: Pendrill et al. 2019,53 Searchinger et al. 2019,54 Vermeulen et al. 2012,55 Gibbs and 
Salmon 2015,56 EAT-Lancet Commission 2019,3 Smith et al. 2007,57  Springmann et al. 201858.
ACTION AREA 1
REROUTE farming and rural livelihoods  
to new trajectories





Combination of two or 
more climate hazards
CLIMATE HAZARDS
In 2030, agriculture-driven land-use change will continue to provide the most 
significant opportunity for land-based mitigation, ~4.3 Gt CO2/yr. This estimate 
is based on past expansion of croplands, pastures and forest plantations (2.6 
Gt CO2/yr)
53 and projections of 2050 emissions due to agriculture-driven land-
use change (6 Gt CO2/yr)
54. An additional land area of ~593 million ha—about 
half the size of China, the US or Canada—is expected to be needed to meet 
2050 food demand.54   
Climate change adaptation
The priority for climate change adaptation is to reduce vulnerability to increasingly variable weather 
and extreme events while not losing sight of long-term adaptation challenges.59 Because vulnerabil-
ity to climate change is so closely linked to poverty, hotspots for poverty are generally also hotspots 
for climate action (Figure 10). 
Source: Thornton et al., 2019.11 





5–10%Multidimensional Poverty 10–20% 20–40% 40–60% 60–80% >80%0–5% No data
F I G U R E 10B. Percentage of population in multi-dimensional poverty in three global regions61 
Source: Roser and Ortiz-Ospina 2020.15
F I G U R E 10A. Areas of extreme climate vulnerability60 
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In many climate change and poverty hotspots, there are significant differences between potential 
agricultural productivity and actual agricultural productivity—the so-called yield gap.62,63 It is essen-
tial to close these yield gaps to deliver food security, while avoiding dangerous cropland expansion 
and resultant negative environmental impacts, including climate change. There are many known 
technologies and practices that could reduce yield gaps, which are also climate-resilient and can 
have lower emissions (e.g., drought-adapted maize varieties, conservation agriculture technologies, 
micro-dosing of fertilizer). Yet, reaching scale through adoption of im-
proved technologies has proven challenging over the past decade. Thus 
for this action we focus more on the markets and institutions to drive 
scaling than on the technologies. Actions to reduce risks and enhance 
market opportunities for small-scale agricultural producers can foster 
technology uptake and radically change livelihood opportunities.64 
Improved water management and improved varieties and breeds show 
particular promise for building climate resilience. 
Building rural livelihoods and transitioning 
out of farming 
Adaptation in rural areas is doomed to failure without a renewed commitment to rural life. With youth 
populations exploding and significant out migration from rural areas (within and between countries), 
there is a sense of doom and gloom around agriculture-centered livelihoods, which bodes poorly for 
the effectiveness of any climate adaptation strategy65. A reinvigorated rural economy is needed to 
spur agriculture to shift from being a direct (often subsistence) employer to a driver of rural devel-
opment and growth. Agriculture must become attractive to the next generation as a sector with op-
portunities, not only in farming per se, but also in a rural service economy. It must also be inclusive, 
of both women left behind farming66,67 and next generation youth who 
are increasingly disenfranchised in rural areas. As climate bites harder 
during the 21st century, policies must also recognize when economic 
transformation of regions is needed, and must facilitate communities 
to effectively transition out of agriculture where necessary. Such facili-
tated and planned transitions will reduce suffering and economic hard-
ship.68 Exiting agriculture and pursuing alternative livelihoods should be 
a valid pathway for some rural dwellers.
Enable markets and public 
sector actions to incentivize 




through mobility and 
rural reinvigoration
ACTION 1.3
“Climate change threatens the food systems that 
billions depend on—it is a huge challenge that needs 
huge solutions. This is why we must join forces and reform 
markets, agricultural practices, and livelihoods. Only then can 
we successfully mitigate the effects of climate change and 
stop the destruction of our ecosystems.” 
—Dr Grethel Aguilar, Acting Director General, International Union for Conservation of Nature (IUCN)
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ACTION 1.1  
Ensure zero agricultural land expansion  
on high-carbon landscapes 
CHALLENGE 1.1: Avoid expansion on 250 million hectares  
of tropical forests and 400 million hectares of peatlands
WHAT: The outcome envisaged is sustainable agricultural productivity sufficient to meet global 
food needs up to 2050, without requiring further conversion of high-carbon forests, peatlands and 
grasslands. Policies effectively regulate market demand, and location and expansion of commodity 
crops and livestock production ensure food security while avoiding loss of high-carbon landscapes. 
WHY: Most agricultural expansion in carbon-rich landscapes is driven by only a few market com-
modities.69 Multiple initiatives already exist to hold investors and purchasers of these commodities 
accountable to zero deforestation, regulate land use, and reduce pressures for land-use change.69 
Building on these efforts to more comprehensively include all high-carbon landscapes (e.g., peat-
lands, grasslands and soils with high soil organic carbon) will enable more rapid and ambitious 
mitigation to be achieved.
HOW: Mechanisms to achieve the outcome include:
• Improving transparency and accountability of finance and major commodity supply chains 
driving conversion of high-carbon landscapes (Box 2). Developing more ambitious industry and 
finance standards, green banks, company policies for zero agricultural land expansion, disclosure 
requirements, subsidy reform, and robust verification methods. Focus: palm oil, beef, soy, pulp, 
rubber, cocoa and coffee.
• Transforming procurement and supply chain policies for key commodity crops to require 
purchase of products outside specified geographic “no-go zones” such as the 11 deforestation 
fronts (Figure 11), based on information campaigns aimed at consumers and product traceability. 
Includes all peatland, grasslands and high-carbon soils.  
• Using national policy regulation and enforcement, together with real-time remote sensing, to 
secure and enforce protection of high-carbon landscapes. Protected areas and land-use plans 
should be expanded to consider all high-carbon lands. Enforcement of boundaries should be 
incentivized with climate finance, penalties for transgressors, and use of independent judicial 
bodies and watchdog organizations. Automated real-time digital monitoring of land use in 
protected areas should make information widely accessible. Protection of high-carbon lands 
should be a cornerstone of the Nationally Determined Contributions (NDCs). 
• Organizing consumer advocacy and using media to build awareness of the impacts of purchasing 
decisions. Linking networks of NGOs concerned with deforestation, climate and food systems to 
support consumer education and advocacy, media campaigns and boycotts. 
• Intensification and relocation of commodity agriculture, to decouple agricultural production from 
land area requirements and encourage locations far from land conversion fronts (Box 3). Sustain-
able intensification of agriculture could be a cornerstone of NDCs. 
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WHERE: The majority (80%) of global forest loss by 2030 is expected to take place in 11 
deforestation fronts, nearly all of which are in the tropics (Figure 11). South America will have the 
largest losses. Additional high-carbon lands (peatlands, grasslands, and other high-carbon soils) 
should be similarly mapped and designated as “no-go” zones.
B O X 2.  Integrating policy, markets and farm-level action to stop deforestation in Brazil
Cattle ranching and agriculture, including fire for clearing land, are major drivers of forest loss in the Amazon. Recent 
government policy in Brazil has loosened forest protection policies, leading to the highest levels of deforestation in a 
decade. The Zero Deforestation Working Group—a coalition of Greenpeace Brazil, Instituto Centro de Vida, Imaflora, 
Imazon, Amazon Environmental Research Institute (IPAM), Instituto Socioambiental, WWF Brazil and The Nature 
Conservancy (TNC) Brazil—has identified a four-part plan to stop deforestation in the region. The four parts are: 1) 
implement environmental public policy; 2) support sustainable forest use and best farming practices; 3) restrict 
markets for products driving new deforestation; and 4) engage Brazilian voters, global consumers and national 
and international investors.71 TNC, for example, has been working with Cargill to help 158 soy farmers register their 
farms to support responsible beef sourcing. TNC and partners have also been supporting municipal governance for 
sustainable beef to improve environmental monitoring for implementation of Brazil’s Forest Code. 
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B O X 3.  Land-use fiscal policy in Indonesia to drive diversified land use
The Indonesian government and the Climate Policy Institute (CPI) have collaborated on developing fiscal policy 
at national and local levels to better balance economic and climate objectives, including in areas where oil palm 
expansion has been a major driver of deforestation.72 This has included regulation to establish an environment fund 
managed via a public services agency and the 2018 launch of the SDG Indonesia One Fund to provide blended finance 
instruments for projects that contribute to the SDGs. The fund attracted investment commitments of up to US$2.3 
billion on the day of its launch. At the local level, CPI found that using village funds for more diversified economic 
activities, rather than on a single sector such as oil palm, can support more sustainable land use, and that palm oil 
production can be optimized with minimal land expansion.
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ACTION 1.2  
Enable markets and public sector actions 
to incentivize climate-resilient and low 
emission practices 
CHALLENGE 1.2: Bring 200 million farmers73 into appropriate markets 
by 2030 through increased profitability and market development
WHAT: The outcome envisaged is climate-resilient technologies widely adopted (including micro-
irrigation based on novel business models, climate-resilient seeds and breeds, diversified production, 
etc.) and farmers more integrated into markets, enhancing their income and resilience. 
WHY: Persistent yield gaps, poverty and climate vulnerability are apparent in much of sub-Saharan 
Africa, South Asia and Central America. There are many well-known climate-resilient practices that 
would improve productivity, but adoption is low. Market-based approaches can provide incentives 
to adopt, if producers see the benefits to their livelihoods. With continuing rapid urbanization, there 
are opportunities to engage new markets. In northern Tanzania, for example, some of the most 
significant changes made by farmers relate not to any specific agricultural intervention but more to 
expanded rural-urban market linkages.74 This suggests that farmers in rural areas with good market 
opportunities can be agile.
The high risks to production and marketing, including climate risks, need to be overcome (see Action 
area 2: de-Risk). There will also be winners and losers in market-based approaches; those unable 
to engage markets need to be targeted for livelihood security (see for example, Actions 1.3 and 
2.1). Advancing gender equality and youth opportunities is a priority, given the very high rates of 
unemployment among young people, women’s prominence among people living in poverty, their lack 
of access to resources and power, and the disproportionate agricultural labor burden that women 
face.11,75
HOW: Mechanisms to achieve the outcome include:
• Incentivizing private sector investment in expanding and diversifying markets. Reforming 
regulatory frameworks to greatly enhance “ease of doing business,” putting in place incentives 
for new processing industries that help informal actors and small-scale entrepreneurs grow and 
diversify, and putting in place policies that facilitate private sector investments in expanding and 
diversifying markets. Installing processing and cold chain facilities that underpin future resilience 
to climate change, and that contribute to rural employment. For example, in Ethiopia, a public-led 
process is leading to major changes in production (Box 4).
• Expanding access to credit. Many millions of rural small-scale producers and value chain actors 
are unable to access the loans, insurance and credit they need, in part because banks and 
other financial intermediaries consider the risks as too high.76 By developing and implementing 
innovative approaches such as value chain lending, mobile-based finance (Box 5) and other 
approaches that move beyond private collateral as the basis for lending, credit access can be 
expanded. 
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• Expanding sustainable micro-irrigation based on renewable energy sources in areas of high rain-
fall variability. High costs can prevent this expansion. By using fintech, public-private partnerships 
and solar-powered micro-irrigation schemes, irrigation can expand at lower cost to farmers.
• Diversified and dynamized seed systems. Access to good quality climate-resilient seed is a 
serious constraint for many small-scale farmers. Access can be enhanced by targeting technology 
deployment aligned with seasonal climate outlooks and site-specific conditions, by developing 
protocols for collaboration between national genebanks and community seedbanks, and by estab-
lishing policy dialogues around streamlining national seed policies and multi-country seed sharing 
agreements to increase resilience.
• Doubling down on technology dissemination strategies. Farmers often have limited access to 
information about new technology and what it means for them. Access to improved varieties and 
breeds and other climate-resilient technologies can be enhanced through extension services and 
digital advisories (using for example, mobile phones, radio, and TV), coupled with financial incen-
tives to reduce upfront costs.
• Empowering farmers, women and youth, and their organizations. Farmers, women and youth are 
often marginalized in development programs. If food systems transformation is to succeed, farm-
ers must have a central role. Strengthening farmer, women’s and other local organizations, and 
their networking, is key to transformation. At the same time, actions are needed to create enabling 
environments that encourage producers, business owners, researchers, investors and policy mak-
ers to innovate in ways that promote gender equality, youth empowerment and entrepreneurship. 
Constraints can be addressed by increasing access to financial resources,77 making available 
technologies that suit women’s preferences and tasks and don’t increase their workload,78,79,80,81 
supporting women’s access to markets, and supporting their decision-making power in choice and 
use of technologies75,82.
• Developing and testing innovative models for access to and ownership of land by women and 
marginalized farmers in the context of restricted land rights for women and increasing agri-
investment by the private sector. Collaborative models, such as outgrower schemes and other 
collective arrangements, may be alternative approaches. Reforms to systems of land tenure can 
greatly incentivize farmers to sustainably intensify their production through improved access to 
credit to purchase inputs. 
WHERE: Climate change and poverty hotspots in sub-Saharan Africa, Latin America and Asia.
SDGS SUPPORTED:
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B O X 4.  Ethiopian Agricultural Transformation Agency (ATA)83
The Ethiopian Agricultural Transformation Agency (ATA) was established in 2010 to catalyze transformation in the 
smallholder agriculture sector from low input-low output, subsistence-oriented production to a more market-orientated 
approach. ATA addresses systemic bottlenecks that hinder sectoral change. The transformation agenda is being strong-
ly driven by robust evidence and novel analytics, widespread capacity development, and policy analysis to manage 
change that will transform the agricultural sector and bring impact at scale. As an example, over one million hectares of 
degraded land have been restored in Tigray and the area irrigated has increased massively, enabling farmers to produce 
higher-value vegetables and fruits even in drought years.
B O X 5.  Mobile money empowers women in Kenya84,85
Mobile money has supported 194,000 households in Kenya, lifting them out of poverty. The majority were female-
headed households. M-PESA influenced changes in financial behavior, especially increased financial resilience and 
saving, with many moving out of agriculture and into small business as a result. Mobile money is also a platform that 
gives women control over their finances.
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ACTION 1.3
Support prosperity through mobility  
and rural reinvigoration
CHALLENGE 1.3: Build attractive rural livelihoods, including exits from 
agriculture, and create 20 million rural jobs by 2030, investing in infra-
structure and youth86,87
WHAT: The outcome envisaged is communities living on the front line of climate change where 
their livelihoods become unsustainable are facilitated to transition into alternative livelihood 
strategies, either through assisted migration or purposeful economic diversification programs. In 
medium- and high- potential agricultural areas, jobs are created in and around agriculture, providing 
services, targeting youth particularly, enhancing happiness indices, building more resilient and 
diversified livelihood strategies, and generating economic prosperity more broadly at national level. 
WHY: Common trends in rural areas include: diversification of rural livelihoods, increased 
agricultural and non-agricultural wage labor, and temporary and permanent migration to new 
livelihood options.88 The challenge is to create attractive rural livelihoods, in or out of agriculture, and 
to build skill levels and opportunities so that exiting agriculture is a viable and better option. Rural 
reinvigoration in some places may involve the development of new industries and with them the 
creation of new jobs. In others, integrated landscape approaches that increase productivity, enhance 
resilience and maximize the value of ecosystem services may be appropriate. Migration, and the 
remittances that result from it, can help improve livelihoods, for both migrants and the relatives who 
remain behind (Box 6).
HOW: Mechanisms to achieve the outcome include:
• Investing in rural infrastructure, hard and soft. Rural infrastructure is not a high priority for many 
governments. This can be changed by developing robust cost-benefit analyses co-created with 
policy makers that clearly demonstrate the value of improved road networks, accessible public 
transportation, and better access to rural areas; the societal benefits of improved urban-rural 
linkages that facilitate access to rapidly expanding and dynamic urban markets; and the role that 
improved education and health systems and reformed land tenure systems can play.
• Investing in secondary and tertiary industries in rural areas. Few employment opportunities exist 
outside of agriculture in many remote rural areas. This can change if policy makers at national and 
local levels co-develop shared, normative visions of the future, and identify the policies that will be 
needed to develop appropriate secondary and tertiary industries in rural areas in order to diversify 
rural economies beyond a reliance on agriculture alone.
• Revolutionizing agricultural production systems towards greater automation (Box 7). A 
combination of lack of knowledge and a dearth of opportunities for farmers and cooperatives to 
access the start-up capital required stops greater automation. This can be overcome by putting 
in place a set of pilot demonstrations revolving around reducing drudgery and utilizing innovative 
financing mechanisms (such as value chain lending, see 1.2 above).
30   |   Actions to Transform Food Systems Under Climate Change
• Capacitating youth for rural entrepreneurship. Many young people view agriculture as uneconomic 
and unrewarding work. This can be changed by incentivizing investments in training and re-skill-
ing of the workforce so that producers and rural dwellers can engage in new activities such as 
agro-processing, distribution and provision of farm inputs, and being infomediaries through ICTs. 
Steps will need to be taken to ensure that young women can also take advantage of these oppor-
tunities.89,90
• Establishing safety net policies to facilitate migration out of failing farming systems. Creating 
programs that facilitate migration of households either to more prosperous regions when farming 
becomes unviable or promote mobility to other parts of the food system beyond the farm gate. 
National planning processes could be much more ambitious with respect to safety net policies 
and programs as a highly cost-effective adaptation measure.
WHERE: Climate change and poverty hotspots in rural sub-Saharan Africa.
SDGS SUPPORTED:
B O X 6.  Adapting through migration in the Mekong Delta, Vietnam11,91
Over the past 20 to 30 years, rainfall patterns in the upper delta of the Mekong River have changed. The area is 
flooded annually, which enriches the soil but is also a threat to communities in the area when floods are higher than 
usual. Nevertheless, and despite an increase in rainfall, flood levels have decreased over the past 20 to 30 years given 
water retention upstream, with negative impacts on rice yields. Out-migration has increased, particularly in the past 
10 years. Most migrants leaving for long periods have moved to industrial zones outside the Mekong Delta. Migrant 
remittances have been used to buy food, pay back loans and implement in situ adaptation activities such as diversi-
fying into non-farm activities, saving money through community-based saving schemes, raising the foundations of 
houses, and investing in children’s education to enable them to get good jobs outside agriculture. This case highlights 
the importance of remittances as a means of improving livelihoods.
B O X 7.  Hello Tractor: reducing drudgery in African agriculture92,93
Hello Tractor is a US- and Nigeria-based agtech social enterprise that connects tractor owners with farmers in need of 
tractor services. Many smallholder farmers lack the capital to purchase machinery, but through Hello Tractor they can 
rent a tractor at a fraction of the cost and thus reduce drudgery in their farm labor. The enterprise is now providing 
services to thousands of farmers in sub-Saharan Africa, facilitating mechanization and increased productivity for 
those who access the service, as well as generating new employment opportunities for digital entrepreneurs in rural 
areas. For example, Hello Tractor has trained 250 young and digital technology-savvy “booking agents” in Nigeria to 
help identify and aggregate demand, and link up with tractor suppliers to help ensure the tractor fleet linked to the 
network is kept busy and productive throughout the year.
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Climate-related risk is an obstacle to efforts to improve food security and farmer livelihoods. 
Extreme events, such as droughts, flooding, shifts in the seasons, and heat waves, can trigger food 
crises and erode farmers’ capacity to build a better life by depleting their productive assets and 
human capital.  The uncertainty associated with climate variability is a major obstacle to adoption of 
agricultural innovations and investment in value chains. De-risking agriculture requires action both (i) 
to protect development gains, farmer livelihoods and food security from the impacts of increasingly 
severe extreme events; and (ii) to promote farmer livelihoods by overcoming risk as a barrier to adop-
tion of innovations, access to credit and development of value chains. Appropriate use of climate 
information and development of climate services are foundational for both actions. For the millions 
of smallholder farmers who are “hanging in,” an unanticipated and unmitigated climate-driven shock 
can erode assets and impair the long-term health and productivity of children, thereby reducing pros-
pects for escaping poverty. For the millions “stepping up,” climate risk can hinder further investment.  
Innovative systems for early action, supported by early warning systems and well-designed triggers, 
reduce the costs and improve the timeliness and effectiveness of humanitarian intervention. Safety 
nets, in the form of government social protection programs that provide cash transfers and other 
services, are an increasing part of the efforts of low-income countries to protect the wellbeing of 
poor and vulnerable groups. By securing poor households’ access to adequate 
nutrition and health care, they play a particularly critical role in the health of 
women and children. These solutions are also about shifting humanitarian 
aid to focus on prevention and resilience-building strategies, and about safety 
nets to protect the millions of smallholder farmers who are “hanging in” from 




DE-RISK livelihoods, farms  
and value chains
Secure resilient 
livelihoods and value 
chains through early 
warning systems and 
adaptive safety nets
ACTION 2.1
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Although climate impacts on smallholder farmers are most visible when 
major food crises occur, unanticipated climate risk has a greater although 
less visible impact as an obstacle to farmer investments. The negative 
impact of climate risk extends to value chain actors and rural financial 
services, whose subsequent decisions can constrain farmers’ efforts to 
build a better life.
In order to manage climate-related risks, those risks must first be under-
stood, anticipated and factored into decision-making. Effective climate 
services, integrated with agricultural advisory services, enable farmers to 
adapt their farming and livelihood practices to their local climate, protect 
their lives and livelihoods when adverse conditions are anticipated, and 
invest in more profitable practices when more favorable climatic condi-
tions are anticipated. Innovations in index-based agricultural insurance 
have largely overcome the obstacles to insuring smallholder farmers. By 
reducing risk as a barrier, well-designed and targeted insurance catalyzes 
adoption of more profitable production technologies and practices, and 
access to credit. Bundling complementary services—such as climate 
information, technical advisories, pest and disease early warning, insur-
ance, credit, input supply, and market information—exploits synergies and 
creates economies of scale that reduce costs and accelerate uptake.  
The impact of these de-risking actions on farmers’ livelihoods is constrained in part by limited capac-
ity in low- and middle-income countries to tailor and deliver them to large, remote, heterogeneous 
rural populations. National agricultural extension services and national meteorological services play 
a crucial role in the generation of quality information. However, these services have been perennially 
underfunded and have failed to deliver their full potential in most low- and middle-income countries. 
Rapidly expanding mobile phone penetration in rural areas, combined with ag-
ricultural extension services (where they are effective) and broadcast media, 
is opening new opportunities for the development and delivery of services to 
farmers, at scale (Box 8). 
Help farmers make 
better choices
ACTION 2.2
B O X 8.  Esoko: delivering climate information through a public-private partnership in Ghana
In Ghana, a public-private partnership business model adopted by Esoko has encouraged mass subscription to climate 
information services through mobile phones. The partnership targets farmers subscribing to the Planting for Food and 
Jobs initiative introduced by the Government of Ghana as part of its measures to improve food security and employ-
ment in the agricultural sector. The partnership includes private telecommunication companies and public institutions. 
To foster more subscriptions, Esoko and Vodafone developed the Vodafone Farmers Club, a network of farmers bene-
fiting from market information and climate information delivery services. Current member farmers pay 20 cents (US$) 
per month to receive timely market alerts and climate information on their mobile phones. These payments are made as 
direct debits as farmers recharge their phones with Vodafone scratch cards. Multiple benefits, including free airtime to 
call members of the group, has increased interest in the subscription. An impact assessment indicates that more than 
300,000 farmers are now being served. This kind of approach has potential to reach women widely, but further work is 
needed on addressing gender barriers.94,95
 “If African farmers are 
to prosper in the face of 
climate change, we need 
to de-risk their efforts to 
innovate. Provision of ICT-
enabled advisory, insurance 
and other services, as well 
as digitization, is key to de-
risking livelihoods, farming 
enterprises and value chains.”
 – Ishmael Sunga, CEO, SACAU
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ACTION 2.1
Secure resilient livelihoods and value 
chains through early warning systems  
and adaptive safety nets 
CHALLENGE 2.1: End dependence on humanitarian assistance for 
40 million rural dwellers by 2030, realigning US$5 billion per year for 
adaptive safety nets96
WHAT: The outcome envisaged is preventative measures are put in place that reduce the frequen-
cy and magnitude of climate-induced crises in regions with significant climate risk. In these places, 
safety net policies and programs provide for resilient livelihoods during and after extreme climate 
events, reducing human suffering, enhancing food security and sustaining and enhancing develop-
ment gains. 
WHY: In 2019 (up to November), donors provided US$16 billion for inter-agency appeals. This figure 
rises to US$21 billion when funding from outside the appeals is included.97 This meets only a portion 
of the need projected by the UN Office for the Coordination of Humanitarian Affairs, estimated at 
US$29.7 billion for 166.5 million people. Many of these situations are viewed as complex, with the 
top eight worst food crises linked to both conflict and climate shocks.97 In 2019, according to the 
FAO, of the 113 million people in the world suffering acute hunger, 74 million suffer due to conflict 
and insecurity, 10.2 million due to economic shocks, and 29 million due to natural disasters.98 A joint 
UNICEF-WFP report on the return on investment (ROI) for emergency preparedness (the pre-posi-
tioning of supplies) found that the median ROI was 1.6–2.0. Other studies have examined specific 
responses or projects; one looked at the economics of early response in Kenya, Ethiopia, and So-
malia for a population of 15 million people. It found that investment in early response and resilience 
could have saved US$4.3 billion over 15 years, with each dollar spent on safety nets and resilience 
resulting in net benefits of between US$2.30 and US$3.30. This, among a large and growing body of 
evidence, illustrates the potential of major investments in proactive climate risk management strat-
egies, including early warning and adaptive safety net programs, to secure more resilient livelihoods 
for millions of farmers in low- and middle-income countries.
HOW: Mechanisms to achieve the outcome include:
• Constructing a tighter continuum from humanitarian assistance to development processes.  
Humanitarian assistance programs will need to increasingly incorporate climate resilience and 
risk reduction technologies and practices into interventions. Current impediments include policy 
and financing constraints, as well as technological bottlenecks and uptake challenges. These can 
be addressed through building stronger partnerships among finance, humanitarian, and science/
technology institutions, to redirect humanitarian funding toward proactive risk management action 
(e.g. Box 9), and to co-design and implement a new climate-smart assistance paradigm.
• Developing and improving early warning systems in climate risk hotspots. A more consistent 
approach needs to be adopted, targeted to specific climate risks and different population sectors. 
Current limitations involve inconsistent and often sub-optimal practices in climate forecasting; a 
lack of identification of appropriate triggers for early action; and limited ability to reach women, 
youth, and other marginalized groups.99 This can be addressed through development and adoption 
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of science-grounded standards and practices across meteorological and humanitarian institu-
tions, as well as use of different communication mediums.
• Aligning best practice safety net programs in climate risk hotspots. National safety net programs 
will need to increasingly adopt a more holistic approach to emergency assistance and livelihood 
promotion, supported by contingent financing needed to adequately address climate risk. Current 
limitations include national policy and financing constraints. These can be addressed through 
establishing appropriate protocols and standards in this arena attached to adaptation and devel-
opment financing. 
• Supporting early action with risk finance. Increased risk financing will need to become available 
in order to be utilized in assistance programs at all levels. Currently there is insufficient finance ac-
cessible, and there is limited uptake of early action approaches. This can be addressed by building 
evidence of the ROI, and advocacy regarding early action approaches among key development and 
finance institutions and national governments (e.g. Box 10). 
WHERE: Climate risk hotspots, including but not limited to the Middle East and North Africa, the 
Horn of Africa, Central America, and the Sahel.
SDGS SUPPORTED:
B O X 9.   Ethiopia’s Productive Safety Net Program100
Ethiopia launched the Productive Safety Net Program in 2005 to provide food and financial support to beneficiaries 
in exchange for public works. More than 8 million farming communities benefit from the program, which covers over 
600,000 ha of land. The program implements participatory integrated watershed management and degraded ecosystem 
rehabilitation programs at both the landscape and smallholder farm levels. It has livelihood, ecosystem and agricultural 
outcomes.
B O X 10.  Sovereign insurance: the African Risk Capacity initiative101
The African Risk Capacity (ARC) initiative provides national-level insurance against droughts to African Union member 
states. Participating governments prepare contingency plans prior to taking out insurance and subsequently determine 
how insurance payouts will be used when the insurance is triggered. By combining early warning and contingency plan-
ning with an insurance mechanism, ARC provides liquidity shortly after a catastrophic event, while the pre-planned ac-
tivities ensure that payouts are used quickly and effectively, mitigating the detrimental impacts of disasters for the poor 
and vulnerable. ARC has paid out more than US$34 million to four drought-affected countries: Mauritania, Niger, Senegal 
and Malawi. The funds, disbursed ahead of the UN appeal, were used to deliver rapid relief to affected populations.
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ACTION 2.2  
Help farmers make better choices
CHALLENGE 2.2: Take climate services to scale by connecting 200 
million farmers and agribusinesses to ICT-enabled bundled advisory 
services by 2030102
WHAT: The outcome envisaged is farmers get access to high-quality, actionable and real-time 
information, which equips them to manage climate risks, adapt to climate challenges, stimulate 
investment in technologies, and enhance their productivity. 
WHY: The knowledge, tools, and technology to enable farmers to make better, climate-smart 
choices exist, and have been amply demonstrated in limited settings. The challenge is to make these 
resources available at scale, and equitably, to meet the needs of diverse beneficiaries (across gender 
and socioeconomic status) throughout the most vulnerable regions of the world. The challenge 
includes capacity, technical, and institutional elements. Whereas critical information and communi-
cation resources must rely on public institutions (such as meteorological services and agricultural 
extension services, rural radio, etc.), delivery of services at scale must at the same time fully leverage 
the potential of ICT and digital technologies in order to succeed. We must demonstrate the value and 
support the development of sustainable public-private partnerships that enable effective delivery of 
such integrated services.
HOW: Mechanisms to achieve the outcome include:
• Strengthening capacity to provide actionable climate-informed advisory services to rural com-
munities in climate risk hotspots. Institutions need to be equipped to deliver quality information, 
advice, and assistance. Currently there is inadequate investment in capacity building and lack of 
consistent standards. This can be addressed through demonstration of successful service mod-
els, assessment of value, and promotion of new investment (including technical support).  
• Developing enabling agricultural insurance solutions for farmers and value chains. Linking 
insurance to de-risk investment across the value chain is key to unlocking resources to enable 
better decisions that benefit all stakeholders. Currently there is limited opportunity for insurance 
solutions. To address this, technical improvements are needed to better design insurance to 
protect key investments while being offered at affordable prices. The investment case must be 
strengthened to entice new investment into the insurance market. Increasing attention to me-
so-scale insurance is appropriate to de-risk investment in smallholder agriculture by lenders and 
value chain actors.  
• Connecting the unconnected. Expanding connectivity and access to ICTs, especially across Africa. 
This requires new investment in digital infrastructure, and policies that guarantee low-cost data 
access in rural areas. The rural agro- and climate-information gender gap needs to be bridged: 
meeting rural women’s and youths’ information needs will require attention to communication 
and technology channels. It also requires consideration of the tasks, information preferences and 
resources of different groups in rural areas.
• Bundling services to reduce costs and enhance value. Aggregated services can create economies 
of scale, reduce infrastructure costs, and enhance incentives for participation across the value 
chain from farmers to reinsurance. Currently many actors are operating on traditional, discon-
nected business models. This can be addressed through demonstration of successful integrated 
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services models and their value propositions, plus advocacy and support for new investment 
in this arena. Digital advisory services can be bundled with climate information, information on 
best practice, farmer-to-farmer networking (Box 11), and insurance and other financial services to 
incentivize adoption of climate-smart technologies and practices. 
• Enabling de-risking services through public-private business cases and regulatory environment. 
Public-private partnerships and digital innovation in the agtech sector need to be incentivized to 
achieve scale. Public extension systems need to adapt to become digitally literate, ICT-enabled, 
and complementing and collaborating with the private sector. Open-data initiatives should be 
advanced, starting with government data assets. In the policy realm, support can be gained by 
promoting digital innovation as a cornerstone of driving climate action at national level.
• Developing innovative public-private models to target and reach women, youth and other under-
served groups with information and services that address their needs and interests (Box 12), to 
take climate services to scale in an inclusive manner. Affordable and accessible financing models 
need to reach groups with less access to resources and digital technologies, and those in areas 
with poor infrastructure.  
WHERE: Sub-Saharan Africa.
B O X 11.  Farm.ink: facilitating farmer-to-farmer livestock advice in Kenya
Farm.ink, a Kenya-based agtech start-up, seeks to connect geographically isolated farmers and provide research 
insights about livestock health. Through their platform, they facilitate a digital community, the Africa Farmers Club, 
which is a Facebook group that now has over 160,000 members. Through this platform, farmers can exchange 
knowledge about improving their livestock management practices, and tap into expert advisories. The Farm.ink team 
also built a chatbot on the Facebook Messenger platform to deliver dairy farmers information on productivity, markets, 
and livestock management. A survey by the project found that 92% of dairy farmers reported changing their farming 
practices based on information received through this service.
SDGS SUPPORTED:
B O X 12.  Is index insurance a safety net for women?103,104,105,106
Index insurance can increase the resilience of women farmers when gender differences are considered, with uptake 
rates often the same for women as for men. In cases of gender imbalance, many analyses finds that lower rates of 
financial literacy accounts for this difference. Other factors include degree of relevance to women’s activities or crops, 
access to mobile phones, land ownership rights, education and household decision-making patterns.
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Shifting food consumption patterns can not only reduce emissions but also improve 
health, food security and other environmental outcomes, providing multiple incentives 
for behavior change.107 The IPCC Land Report estimated that the technical mitiga-
tion potential for changing diets in 2050 ranges from 2.7 to 6.4 Gt CO2e/yr, with an 
economic potential of 1.8–3.4 Gt CO2e/yr at prices of 20–100 US$/t CO2.
108 Figure 9 
shows the emission reduction possibilities of changes in consumption.
Food loss and waste leads to significant economic losses due to resource use inefficiency and 
environmental impacts. At the same time, the food supply chain contributes ~13.7 Gt CO2e/yr, or 
26%, of anthropogenic GHG emissions.109 Of this, about 15–45% of food is lost or wasted.54 Based 
on scenario modelling, decreasing global food loss and waste by 15% will reduce 
emissions by 0.79 to 2.00 Gt CO2e/yr (Figure 9).
110 SDG 12.3 seeks to halve per capita 
global food waste at the retail and consumer levels and reduce food losses along 
production and supply chains, including post-harvest losses. High-income countries 
tend to waste more food at the post-consumption stage while low-income countries 
tend to experience more food loss, especially in the production and storage stages.
ACTION AREA 3
REDUCE emissions through  
diets and value chains




Reduce food loss  
and waste
ACTION 3.2
“Delivering transformation of our food systems will save US$5.7 
trillion per year in damage to people and the planet by 2030. 
Achieving it requires strong leadership and action to scale solutions from 
farm to fork—including reducing supply chain inefficiencies and supporting 
consumers to make healthy and sustainable dietary choices.” 111
 – Diane Holdorf, Managing Director, Food & Nature, World Business Council for Sustainable Development (WBCSD)
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ACTION 3.1  
Shift to healthy and sustainable  
climate-friendly diets 
CHALLENGE 3.1: Incentivize dramatic reductions in beef and dairy 
consumption in 15 high- and middle-income countries and all C40 
cities by 2030
WHAT: The outcome envisaged is beef and dairy consumption reduced in high-income countries to 
support healthier and more sustainable diets. For example, the 2019 EAT Lancet report recommends 
reducing red meat consumption by 50%,112 and reducing dairy consumption from a C40 average of 
106 kg (220 kg in Europe) to 90 kg per person per year.113 Consumers shift to protein sources with 
lower carbon footprints while improving their health. 
WHY: Consumption of beef and dairy is the largest single driver of agricultural GHGs globally. Beef 
production contributes 2.9 Gt CO2e/yr or 41% of total agricultural emissions, while dairy contributes about 
1.4 Gt CO2e/yr or 20%.
114 More climate-friendly protein sources are available: for 100 grams of protein, 
there are wide differences among protein sources, but also within a single protein source there is a wide 
range for production efficiency, as indicated by the 10th and 90th percentiles in Figure 12, suggesting that 
dietary shifts and increased production efficiency can make major changes in emissions. 
 
Global demand for meat, including products other than beef, is expected to nearly double between 
2005 and 2050, to 470 million tons.115 Most of this demand (72%) will be in low-income and medium-
income countries. Shifting globally to diets with less red meat has been estimated to reduce 
emissions by up to two thirds, reduce health costs and save up to 8 million lives.116 The primary 
targets for reducing consumption-related emissions are those high- and middle-income countries 
where meat and dairy consumption is or will 
be high. In low-income countries, livestock will 
continue to play important social, economic 
and nutritional roles (Box 13). While the 
focus of this action is on animal products, 
we realize that for healthy diets many other 
considerations need to be brought in.  
Countries where the future per capita con-
sumption of meat exceeds 80 kg/year—the cur-
rent average in industrialized countries—should 
be targeted for reduced consumption (about 15 
countries, see Figure 13). Since 80% of global 
food consumption in 2050 is expected to come 
from cities, food systems transformation is 
also needed by city networks such as the C40 
Cities Climate Leadership Group—a group of 94 
cities around the world that have committed to 
action on both mitigation and adaptation. 
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FIGURE 12. Greenhouse gas emissions for 100 grams of protein
Source: Poore and Nemecek, 2018.109
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B O X 13.   The value of livestock to livelihoods vis-a-vis emissions reduction 
Livestock are crucial components of livelihoods in many parts of the world. For instance, in mixed crop-livestock and 
pastoral systems in Africa, livestock are essential for livelihood security.117 In addition, in such parts of the world, protein 
in the diet is limited, with consumption levels far below those in high-income countries. Small gains in increasing 
emissions efficiency per unit of product in small-scale systems can nevertheless be made by improving production 
through improved feed, breeds, herd management and animal health, putting livestock development on a lower emissions 
trajectory than business-as-usual.114 More significant opportunities for enhancing emission efficiency are likely in the 
shift to intensive production—although overall emissions usually increase—and in manure management. Improved 
feed can significantly reduce emissions per kilogram of meat or dairy, although feed production must not contribute to 
conversion of high-carbon stock lands.118
HOW: Mechanisms to achieve the outcome include:
• Using public health promotions to decrease meat consumption in high- and middle- income 
countries. Public health promotions can reduce the lack of awareness of the health implications of 
overconsumption of meat.
• Supporting labeling and certification of meat and other protein sources for GHG emissions, health 
and other environmental factors. Certification and payment for ecosystem services can become a 
key intervention for transitioning to systems that emit fewer GHGs. 
• Developing incentives, enterprise support and public-private investment for innovation and produc-
tion for meat alternatives and protein sources with smaller environmental footprints (Box 14). 
• Promoting awareness campaigns and social movements via science-informed celebrities, 
champions, and media, driving alternative discourses (e.g., Greta Thunberg’s “school strike for the 
climate” movement, C40 campaign, Meatless Monday movement)(Box 15).
• Exploring possibilities for consumption taxes and subsidies by identifying examples of cities 
that have either proposed or passed such measures, modeling potential impacts and trade-offs, 
and testing the acceptability of results to different interest groups. Political acceptability of these 
fiscal tools can be a challenge, but this can be overcome by demonstrating that the alternative is 
more costly.
   
WHERE: Efforts should focus on those high- and middle-income countries and C40 Cities with 
current or expected high levels of meat and dairy consumption where overnutrition is contributing to 
obesity and chronic disease (Figure 13, Figure 14, and Figure 15).  
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F I G U R E 13.  Per capita meat consumption, 2013
F I G U R E 14.  Per capita milk consumption, 2013 
Source: Our World in Data, 2019.119
10–20Kg per person 20–40 40–60 60–80 80–100 100–1200–10 No data
Source: Our World in Data, 2019.120
50–100Kg per person 100–150 150–200 >2500–50 No data
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B O X 14.   Plant-based meat alternatives
Viable meat alternatives that could satisfy demand for protein while dramatically reducing climate impacts have 
gained increasing attention. A number of companies have successfully established specialized markets in high-income 
countries,122 and there is a growing interest and effort to supply alternative meats and proteins in low- and medium-income 
countries, illustrated by production of a fortified cassava porridge (“Power Gari”) by women in Liberia, visions for small-scale 
alternative meat production in African refugee camps,123 and philanthropic advocacy for protein equity involving vegetable-
based and cultured animal products.124 The increasing investment by major food and commodity companies in alternative 
protein start‐ups clearly signals industry’s belief in the potential for significant growth in this sector.
SDGS SUPPORTED:
B O X 15.   Meatless Monday movement125,126
Established in 2003, Meatless Monday is a non-profit public health initiative of Johns Hopkins, Columbia and Syracuse 
universities that is now active in 40 countries globally (Meatless Monday Global). The campaign aims to reduce meat 
consumption by 15% for human and planetary health. The initiatives ask schools, restaurants, hospitals, food companies, 
communities and individuals to commit to eating meat-free meals at the start of each week. Studies indicate that people 
are more open to trying healthy behaviors at the start of the week. Meatless Monday saves almost 2 t CO2e/yr based on a 
typical American diet. 
F I G U R E 15.  C40 Cities 
= C40 City
Source: C40 Cities.121
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ACTION 3.2  
Reduce food loss and waste
CHALLENGE 3.2: By 2030, target 50% reductions in food loss  
and waste in five major supply chains where both greenhouse  
gasses and loss or waste are high
WHAT: The outcome envisaged is more efficient supply chains delivering food with minimal loss 
and waste. Demand for food production reduced proportionally, leading to lower production emis-
sions. 
WHY: In 2013, 1.7 Gt of food loss and waste (FLW) and 2.1 Gt CO2e of FLW-associated GHG emis-
sions occurred globally.127 Numerous opportunities for reducing food loss and waste—as well as 
the associated unnecessary emissions—exist, so supply chain analysis to target the most important 
loss points in a supply chain and waste points among consumers is needed to identify priorities. 
Countries and supply chains can set targets for 
food loss and waste reduction based on the 
Champions 12.3 roadmap128 and use the World 
Resources Institute Food Loss and Waste 
Protocol129 to support consistent accounting. 
Following SDG 12.3, we set the target at 50% 
reduction and focus on the following five major 
supply chains where both GHGs and loss or 
waste are high: bovine meat, vegetables, fruits, 
dairy and roots and tubers (Figure 16). Industri-
alized Asia, and South and Southeast Asia are 
priority regions127 (Figure 17). Care is needed 
to avoid using interventions that result in higher 
overall emissions, for example due to higher 
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F I G U R E 16.   Major contributors to global food loss and waste 
and associated greenhouse gas emissions in 2013 
Source: Guo et al., 2019.127
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HOW: Mechanisms to achieve the outcome include: 
For reducing loss:
• Using improved harvesting, processing and storage in low- and middle-income countries (Box 16), 
including energy efficient cold chains. Initiatives and programs related to harvesting, processing 
and storage could be greatly scaled up in NDC and related national processes based on incentives 
for increased economic efficiency in the value chain. Making low-cost, easily replicated technolo-
gies available would give value chain actors incentives to switch practices. Support for entrepre-
neurship and public-private investment to stimulate innovation and large-scale uptake is needed to 
overcome this challenge.     
For reducing waste: 
• Developing early warning systems and information management for food demand and supply 
outlook, e.g., “smart” marketing and information platforms, such as “just-in-time” production, or 
a farm-to-fork virtual marketplace to match food production and consumption. This may include 
optimizing inventory movement and warehouse storage, including procurement and supply chain 
policies. Such initiatives can reduce waste-related costs for value chain actors. 
• Organizing awareness campaigns in school food 
programs and institutional food services.
• Developing regulation and incentives for smaller por-
tions and reduced food waste, for example subsidies 
for innovations that recycle or higher costs for dispos-
al of food waste. 
• Recycling and upcycling waste between cities and 
peri-urban agriculture to support reuse of biowaste 
as renewable energy and higher value co-products 
in areas with high density livestock or urban waste 
disposal issues. 
For both:
• Creating incentives for companies to measure food 
loss and waste and implement food loss and waste 
policies (Box 17), for example through success cases 
demonstrating possible cost savings, company 
reporting and disclosure to investors, or third-party 
monitoring. 
WHERE: Target regions with high levels of loss and 
waste (Figure 17) and supply chains with high emissions, 




























F I G U R E 17.   Share of global food loss and waste by 
region, 2009 (100% = 1.5 quadrillion kcal) 
Source: Lipinski et al., 2013.130
SDGS SUPPORTED:
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B O X 16.   Reducing food loss in low-income countries
Reducing food loss can provide economic returns, while also reducing emissions. Approximately 10–20% of cereal 
production in sub-Saharan Africa is lost post-harvest, resulting in decreased farmer income and food insecurity.131 Farmer 
investment in hermetically sealed cereal storage bags has greatly reduced cereal losses. The bags protect cereals and 
other crops from insect infestation and other potential damages, reducing post-harvest loss from an average of 14% to 
less than 1%, and reducing emissions proportionally. Producing the bags requires relatively low upfront costs and farmers 
can recoup their investment in the bags within a single farming season.
B O X 17.   Reducing food waste132
IKEA, a global furniture retailer, has over 400 stores and almost one billion visitors each year, including 680 million 
visitors who in 2018 spent €2.15 billion in IKEA’s food outlets. In 2016 IKEA launched the “Food is Precious” initiative, 
setting a target to reduce its food waste by 50% by August 2020. Notable actions included: 1) using a smart scale 
system to monitor food waste in four IKEA stores, resulting in a 23–54% decrease in food waste over six months; 
2) appointing “Food Waste Champions” in each store to motivate colleagues at work and home; and 3) appointing a 
“Country Implementation Responsible” person for targeted markets to lead implementation and support co-workers. IKEA 
experienced a 20% reduction in food waste within 12 weeks of starting the food waste-reduction initiative and found that 
additional investments mostly had a 20-week payback period. IKEA plans to also address food loss and waste with its 
suppliers and to encourage consumers to reduce food waste at home.
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To achieve the “Rerouting,” “De-risking,” and “Reducing” actions, we propose several cross-cutting 
actions, for policies and institutions, finance, social change and innovation. 
Creating an enabling environment that incentivizes action, fosters 
innovative solutions and builds a level playing field is essential for the 
transformation of food systems under climate change. Arguably, policy 
and institutional actions are core to achieving all other actions. 
There is a considerable finance gap between what is currently available 
and what is needed for low- and middle-income countries to adapt their 
food systems to climate change. Climate is tightly associated with 
almost any activity in the food system, from finance for GHG mitigation 
and adaptation, to reducing waste. Business opportunities in the imple-
mentation of the SDGs related to food could be worth over US$2.3 tril-
lion annually for the private sector by 2030; the investment required to 
realize these opportunities is approximately US$320 billion per year.133 
ACTION AREA 4
REALIGN policies, finance,  
support to social movements,  
and innovation
Implement policy and 
institutional changes that 
enable transformation
ACTION 4.1
Unlock billions in 
sustainable finance 
ACTION 4.2
“Never doubt that a … group of thoughtful, 
committed citizens can change the world; 
indeed, it’s the only thing that ever has.”
—Margaret Mead
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While climate change impacts are already being felt, youth in particular will bear the brunt of climate 
change. Social media has helped to spread awareness and sentiment among youth, facilitating 
the rise of youth-centered social movements, such as the #FridaysForFuture campaign. #Fridays-
ForFuture, started by the eloquent and outspoken Greta Thunberg, has perhaps done more to shift 
opinions and garner support for action to combat climate change than 
almost any number of technical reports. The movement is also creating a 
cohort of citizens who will be active participants in democracy and in fu-
ture policy decisions.134 As agencies working on climate change, we need 
to look for ways to support such social movements, for example through 
knowledge co-generation, forging connections between stakeholders, and 
fostering platforms for interaction and education in today’s interconnect-
ed, globalized world.
There are many actions that can be taken to align food systems with the 2°C pathway, as well as to 
facilitate adaptation and spur development (see e.g., FOLU 2019,135 IPCC 20192). But to be success-
ful, all of these actions have to be undertaken in an environment that enables innovation across all 
food system actors—that’s all 7.7 billion of us. Agricultural research for development and innovation 
systems are often fragmented, inefficient, overly supply-based, and siloed. 
Innovation can be hampered by fear of failure, a short-term orientation, 
the existence of inappropriate or perverse incentives that may result in 
redundancy and duplication, and a focus on “publish or perish.” In such 
circumstances it is difficult to deliver end-to-end, sustainable solutions to 
problems, and to deal with power relations that may exclude disenfran-
chised groups from benefiting. 




systems to deliver 
impacts at scale
ACTION 4.4
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ACTION 4.1  
Implement policy and institutional changes 
that enable transformation
CHALLENGE 4.1: By 2025, realign US$300 billion of agricultural subsidies 
to a climate change agenda in 16 countries,136 improve the “ease of 
doing business” in 24 sub-Saharan African countries,137 and significantly 
improve the readiness score of the ND-GAIN Index in 49 countries138
WHAT: The outcome envisaged is policy reforms take place so that public subsidies incentivize 
private sector investments that support sustainable, inclusive, healthy and climate-resilient food sys-
tems (Box 18). The operating environment for businesses, especially small- and medium-sized busi-
nesses, has improved so that obstacles to accessing markets for small-scale producers are reduced. 
Trade barriers are being tackled in order to promote adaptation (Box 19), and power disparities in the 
food sector have disappeared.    
In seeking a single indicator of commitment to adaptation, we suggest use of the ND-GAIN Country 
Index. This index summarizes a country’s vulnerability to climate change and other global challenges 
in combination with its readiness to improve resilience.
WHY: Firstly, better targeting of public subsidies to incentivize private sector investment can be a 
game changer in financing the transformation of the rural world. World Bank studies demonstrate 
that subsidies often fail to promote resilient agricultural systems and lead to negative externalities, 
including environmental damage.139 Secondly, private sector action is fundamental to “Rerouting,” 
“De-risking” and “Reducing”—thus the focus on improving the business environment. Thirdly, trade 
is fundamental to large-scale adaptation actions when there is a climate-related failure of a food 
basket. And fourthly, the global food system has come to 
be dominated by a small number of very large companies 
(Figure 18),140 and thus policy actors need to address 
issues of power, and how those issues impact producers’ 
and consumers’ access to the services and products they 
need to build their livelihoods. This also means attention 
to local power dynamics related to gender, social inclu-
sion and youth.11,141 
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F I G U R E 18.   Concentration trends in the seed 
industry, 1985–2016 
Source: Bonny 2017.142 
HOW: Mechanisms to achieve the outcome 
include:
• Participatory scenario building with policy 
actors and stakeholders (including producers 
and consumers). There are diverse perspec-
tives on what is needed in food systems to 
achieve sustainable, inclusive, healthy and 
climate-resilient food systems. Participatory 
scenario building has been used successfully 
to build legitimacy, ownership and trust for 
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policy agendas that tackle bottlenecks, enhance opportunities and stimulate action.143 Given un-
equal power dynamics, policy processes must ensure effective participation by marginalized groups.
• Tailored support to countries to take on a reform agenda. This activity involves designing and 
executing smart information and communications strategies that lay the ground for consensus for 
reform, technical assistance to countries to identify potential for policy reform and priority actions 
for implementation, and review of possible mechanisms for implementation.111 Reform would aim 
at using subsidies wisely, improving the operating environment for businesses, especially small- 
and medium-sized businesses, reducing obstacles to accessing markets for small-scale produc-
ers, tackling trade barriers to promote adaptation, and tackling power inequalities.
• Advancing gender equality and social inclusion. The views of women, youth, indigenous peoples 
and marginalized peoples need to be integrated into decision-making, finance and policy bodies 
at all levels. Working with women’s, farmer and youth organizations is another important channel. 
Women should be recognized as active agents in climate adaptation and mitigation, rather than 
as vulnerable victims. Inequalities in rights, resources, decision-making and opportunities need to 
be taken into account. Attracting youth to participate in food value chains is part of the enabling 
environment and is likely to require re-skilling and capacity building in new areas as technologies 
evolve and population distributions change.141
• South-South, North-South and North-North learning on policy successes. Peer-to-peer learning 
can be extremely instrumental in driving policy change.144,145 Opportunities for countries to learn 
from each other and to share knowledge and experiences should be provided. 
WHERE: Policy action is needed in all countries, as current performance on climate policy is poor (Fig-
ure 19). The focus for improving ease of doing business is sub-Saharan Africa, as it is the region with the 
lowest average. Retargeting subsidies will be in countries with the highest market price support (Fig-
ure 20) and strategic countries where high subsidies are incentivizing an inefficient use of resources.
F I G U R E 19.  2017 worldwide ranking by readiness of the ND-GAIN Index, higher scores are better 
Source: Notre Dame Global Adaptation Initiative.146
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F I G U R E 20.  Market price support in agriculture in OECD countries and key partners
Source: OECD, 2019.147
B O X 18.   Better targeting of subsidies 
From 2015 to 2017, support programs and policies in 51 countries provided approximately US$570 billion annually in public 
support to agricultural producers. World Bank studies have demonstrated that subsidies often fail to promote resilient 
agricultural systems and lead to negative externalities, including environmental damage. For example, production subsidies 
requiring production of specific commodities or restricting land to the production of certain crops can induce economic 
inefficiency, limit crop diversification, compromise productivity and resilience through water and land degradation, and lead 
to high emissions. Therefore, better targeting of these public subsidies to incentivize private sector investment can be a 
game changer in financing the transformation of the rural world and actions to address climate change. This needs to take 
place alongside more stringent implementation of polluter-pays principles and carbon taxes within food systems.
B O X 19.   Promoting free and open trade
When it comes to food production, climate variability can increase disparities between short-term demand and supply among 
regions. So long as this variability is not correlated across regions, trade flows, combined with storage, could effectively 
diversify climate risk on a global scale, meaning less volatility in food prices. A rapidly changing climate and volatile markets 
added to trade restrictions proliferation could put the food security of millions at risk.148 Therefore, polices that promote free 
and open trade should be incentivized. The current state of international trade negotiations is moribund; but trade to facilitate 
adaptation to short-term climate variability related to climate change might be a way to restart negotiations.
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ACTION 4.2  
Unlock billions in sustainable finance
CHALLENGE 4.2: Unlock US$320 billion in public and private  
capital per year to realize business opportunities in the implementation 
of the SDGs133 
WHAT: The outcome envisaged is financiers reorient and leverage the public and private capital 
flows needed to sustainably finance the transformation to low-carbon and climate-resilient food 
systems that meet global food needs, the SDGs, and the objectives of the Paris Agreement. 
WHY: Global food systems will need to produce food more efficiently and sustainably to feed 
a growing population, achieve the SDGs, and meet the 2°C climate commitments of the Paris 
Agreement. Governments, food and agriculture companies, and public and private investors need 
to better identify and address the numerous climate-related risks they face. However, this can also 
be an inflection point to take advantage of new investment opportunities that the transformation 
to sustainable, low-carbon and resilient food systems presents. Addressing core market failures 
to move sustainable land-use financing into the mainstream will be required to unlock the private 
investment needed.
HOW: Mechanisms to achieve the outcome include:
• Creating investment opportunities that are attractive to public and private investors. This requires 
incorporating climate considerations into public investment appraisals; integrating sustainability 
and mainstreaming environmental, social and governance standards in investment decision-
making processes; scaling up green financing linked to climate outcomes; embedding the external 
costs of unsustainable food systems into business-as-usual decision-making, creating market 
incentives for new sustainable opportunities and supporting market-building interventions; 
blending finance to develop a deeper pipeline of bankable projects and catalyze private 
investments in new markets and business models (Box 20); and developing digital solutions to 
support pipeline development and new standalone investment opportunities. 
• Building capacity to accurately assess risk and deploy appropriate risk-mitigating mechanisms, 
by equipping investors with the data and risk tools needed for better risk assessment, and utilizing 
mechanisms such as blended finance to de-risk and catalyze private capital. 
• Improving intermediation to match risk-return profiles to different sources of private capital, 
by developing market-accepted climate valuation methodologies, and simpler and standardized 
products; promoting aggregation and securitization to convert investment products into securities 
marketable to a wider pool of investors with different risk-return appetites (Box 21); fostering deal 
matchmaking platforms to facilitate transactions between a pipeline of investable projects and 
pools of investment capital; and shifting the investor mentality to take advantage of the growing 
momentum in blended finance to participate in less traditional asset classes and markets.       
WHERE: Global, but targeting small-scale producers.
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B O X 20.   AGRI3 Fund139
The AGRI3 Fund, launched in October 2018, is a public-private partnership that aims to unlock US$1 billion for forest 
protection and sustainable agriculture, and to bridge the gap between the needs of farmers and the limitations of 
banks. The fund is providing local and smallholder farmers with access to financing and the skills to transition to 
sustainable and climate-smart agriculture, by blending public and private sources to enable projects that would 
otherwise not materialize because of their risk profile. The fund consists of a finance fund and a related technical 
assistance facility. With commercial banks, the finance fund co-invests capital in sustainable agricultural supply 
chains. The fund also provides a range of different de-risking financial instruments. The technical assistance facility 
provides support for pipeline development, monitoring and evaluation, and capacity building.
B O X 21.   Tropical Landscape Finance Facility139
The Tropical Landscape Finance Facility (TLFF) offers long-term loans to projects in renewable energy and sustainable 
agriculture whose outcomes include improved livelihoods, reduced deforestation, better agricultural efficiency, and 
restored lands. TLFF consists of a loan facility that funds early-stage projects using credit-enhancing instruments of 
development investors to leverage private finance. Once the projects reach maturity and generate sustainable cash 
flows, they are aggregated and repackaged as medium-term notes sold by BNP Paribas to patient capital investors 
in tranches according to risk capacity, with the objective of reaching US$1 billion. This structure helps to recycle 
loan capital for further lending activity. In 2018, TLFF launched its inaugural transaction: a US$95 million loan to help 
finance a sustainable natural rubber plantation in two heavily degraded landscapes in Indonesia. This will enable 
PT Royal Lestari Utuma to train, employ and provide stable revenues to thousands of farmers while also protecting 
tropical rainforest on the plantation.
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ACTION 4.3  
Drive social change for more  
sustainable decisions
CHALLENGE 4.3: Reach 10 million young people by 2025 through 
science-based social movements to catalyze climate action in  
food systems149
WHAT: The outcome envisaged is individuals making choices that are beneficial for their own 
health and the health of the planet. Shifts to more sustainable decisions that are appropriate for 
different economic and sociocultural circumstances, supported by science, regulatory frameworks 
and social norms. 
WHY: For a transformation in food systems to take place, behavioral change on a large scale is 
necessary, by producers and consumers alike.150 Social movements have the power to trigger trans-
formation processes,44 for instance by promoting behavioral change by businesses by creating new 
social norms (Box 22). At the same time, policies that encourage new behaviors can promote chang-
es in consumer habits (Box 23). This action is about linking science to social movements to support 
transformation. It includes using behavioral science to design interventions, translating scientific 
knowledge for a broad audience, communicating messages in innovative ways, bringing youth into 
the discussion, and improving education in order to raise awareness. 
HOW: Mechanisms to achieve the outcome:
• Increasing awareness of sustainability concerns. Coupled with powerful platforms for two-way 
dialogue between disparate actors, this can provide a wealth of opportunities to drive behavior and 
change global agendas.151,152,153,154
• Focus on changing actual behaviors beyond raising awareness. In order to incentivize these 
changes, there is a need to integrate behavioral science into the design of interventions to 
understand, predict and mobilize social change around issues such as dietary choices including 
purchasing behavior and consumption patterns. This can be complemented by conducting 
behavioral diagnostics of successful cases to extract lessons for replication and scale. 
• Translate scientific knowledge into concrete messaging that can inform social movements. A gap 
exists between scientific research results and the generation of knowledge able to support these 
kind of movements. In order to bridge this gap, there is a need to identify target behaviors that 
producers and consumers are likely to adopt and develop tools to prioritize behaviors that matter 
most for climate outcomes. 
• Catalyze innovative volunteerism among rural youth to capitalize on their skills and experience 
for societal and individual benefit. Youth need to become a pivotal point in transforming food 
systems under climate change. Radical changes need new perspectives and voices that can speak 
freely about the changes needed. 
• Improve education at primary, secondary and tertiary levels with appropriate curricula and tools 
to raise awareness of food system and climate interactions. Lack of involvement from education 
ministries in climate change issues have precluded the insertion of relevant climate change 
material into curricula. Infomediaries to reach parents and other adults need to be part of the 
education strategy. 
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B O X 22.  Utilizing the power of social movements to modify behavior155,156
Over the last few years, some North American cities have seen considerable changes in local food systems, brought 
about in part through social movements and food activism. The “eat local” movement is an example. There is little 
doubt that consumers can foster social change but this needs to include much deeper engagement in governance 
processes at all levels in food systems. Science has a role to engage and ensure social movements are science-based.
B O X 23.   Progress on plastic waste: a case where traditional and social media have eased the 
pathway for business strategies and public policies44
Citizen-led social movements and social media can create new social norms that can promote behavioral change. 
Plastic waste reduction in several countries demonstrates the power of social and traditional media and social 
movements to drive change. For instance, awareness on plastic pollution in the ocean boomed in 2018. Awareness 
was promoted through evidence-based advocacy organizations (e.g. Ellen McArthur Foundation), television shows 
(e.g. Blue Planet 2), and videos shared on the Internet (e.g. a viral video filmed by a biologist of a turtle affected 
by ocean plastic). The increase in awareness drove the adoption of commercial strategies and public policies on 
single-use plastics such as bans and levies, demonstrating that a short-term spike in interest among a large enough 
group can be a sufficient hook for more lasting responses from governments and businesses.
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ACTION 4.4  
Transform innovation systems to  
deliver impacts at scale
CHALLENGE 4.4: By 2025, significantly change the approach of public 
agricultural research for development, with at least 50% of public 
investment in this research providing end-to-end solutions that support 
meeting the SDGs related to food
WHAT: The outcome envisaged is the global public agricultural research for development 
community working as one on food system innovations, with coherent and joined-up research 
design, implementation and funding strategies that are addressing the needs of the many. 
WHY: Globally, over US$30 billion a year is spent on agricultural research and development.157 
These resources drive growth in the agricultural sector and have the potential to catalyze innovation 
for a transformation in food systems under climate change. Imad Moosa argues that while published 
research has exploded in quantity, quality has declined, as measured by societal impact, among 
other things. The “publish or perish” maxim drives researchers to focus on their own curriculum vitae 
rather than societal needs.158 Transforming innovation systems to deliver impacts at scale, including 
end-to-end solutions for actors in food systems, is a priority and will involve rethinking how research 
and innovation are part of a wider systemic change.159 
However, there needs to be a balance between very demand-driven research that has impact in a 
few years and longer-term research to solve important, difficult bottlenecks. For example, plausible 
agricultural development pathways with mitigation co-benefits deliver only 21–40% of the needed 
mitigation from direct agriculture emissions.160 We conclude that one priority for research is possi-
ble breakthrough technologies to reduce emissions (e.g., dietary supplements that reduce methane 
production in the rumen).161 Some promising innovations on the horizon (Box 24) can be fostered 
through highly targeted efforts in technology development. 
B O X 24.   “Wild futures”: Technologies for transforming food systems162
A recent inventory found new and emerging technologies all along the value chain, from production to consumption, 
and across the food system, in the domains of cellular agriculture, digital agriculture, food processing and safety, 
gene technology, health, inputs, intensification, replacement food and feed, and waste reduction. For the top technol-
ogies that are near-ready for deployment and have high potential for impact, investment in their accelerated dissem-
ination and implementation will be critical for achieving the food-related SDGs. We urgently need novel methods to 
integrate these options into current food systems, as well as a better understanding of what might affect their uptake 
to scales that can be transformative. We will need innovative and gender-responsive institutional arrangements to 
ensure that advanced technologies can be accessed by small-scale agricultural producers.
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HOW: Mechanisms to achieve the outcome include:
• Breaking out of the research comfort zone: connecting capital providers, researchers, and end-
users to provide a research-for-development “ecosystem for innovation” that enables stakeholders 
to accelerate the transformation needed in food systems. National and international research 
funding bodies can incentivize and encourage systems of innovation that focus on changing ways 
of engaging and doing the business of research. Box 25 illustrates how partnerships can help to 
achieve scale.
• Changing incentive structures, management and governance for researchers and the public 
sector in agricultural research and development systems to value the generation of societal 
outcomes, thus ensuring greater uptake of research results by food systems stakeholders. 
• Transforming approaches to priority setting in policy-making processes, via joined-up foresight, 
participatory scenarios, and ex ante and ex post analysis, which will enable better decisions in 
the context of climate change. Especially important will be to analyze which technologies and 
practices are resilient, to whom, and where, in the face of 2°C of warming, as well as determining 
where and how agriculture “fits” (sectorally, geographically, considering a gender dimension).
• Dealing with the gender gap. The gender gap in technology adoption needs to be overcome. For 
example, in many cases women are not adopting improved seed varieties or new technologies 
due to gender-related barriers to accessing finance, fertile land, training, information, and markets 
(Box 26). Innovative models are needed for gender-responsive technologies and practices that 
reduce women’s workloads and increase their production while supporting household nutrition 
and increased market options.
• Identifying key priorities for action research and allocating resources against these priorities. In 
Table 2, we offer a preliminary list of research questions that address knowledge gaps in relation 
to each of the actions proposed in this report. Addressing these gaps could provide the knowledge 
basis for transformation.
WHERE: The focus should be on national and international research funding bodies in order to 
prioritize funding for research able to find end-to-end solutions that support meeting the SDGs 
related to food.
B O X 25.   Partnering to scale-up drought-tolerant maize for Africa
Recognizing the challenges that maize-based systems were facing across Africa, the Bill and Melinda Gates Foundation 
and other donors invested in the Drought Tolerant Maize for Africa (DTMA) initiative, which built a public-private part-
nership for developing improved genetics in maize that would help farmers stand up to drought. Researchers identified 
key traits that generated greater resistance to drought in maize, and successfully bred over 200 new varieties of maize 
that could maintain production despite irregular or low levels of rainfall. In 2014 alone, the project supported produc-
tion of nearly 54,000 tons of certified drought-tolerant maize seed benefiting an estimated 5.4 million households (43 
million people) across the 13 focus countries. The project involved national and international research agencies, and 
numerous local and larger seed companies.
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B O X 26.   Gender and seed systems163
Women are not adopting improved seed varieties for many reasons. For example, the land women farmers have 
access to tends to be less productive and improved seed varieties may not be adapted to the kind of soil fertility 
found in female farmers’ fields. Innovating with men and women farmers to select and test new varieties and 
hybrids, as well as related seed production techniques, is needed for successful adoption. Strengthening informal 
seed networks and building a connection between the formal and informal seed sectors is also crucial to providing 
farmers with genetic diversity and other farming requirements. Women can be targeted as sources of local seed 
and as a means of seed distribution since they may have larger networks—they often retain ties in their parents’ 
villages while creating new connections where they are married. Supporting women’s role in localized informal seed 
networks and the conservation of genetic resources supports local knowledge and cultural diversity as well.
TA B L E 2.  Key priorities for action research
TRANSFORMATIVE ACTIONS PRIORITY RESEARCH QUESTIONS
ACTION 1.1 Ensure zero agricultural land expansion 
in high-carbon landscapes
What are the methods, tools and policies to incentivize better 
transparency and accountability in commodity supply chains? 
How can these be scaled?
ACTION 1.2
Enable markets and public sector actions 
to incentivize climate-resilient and low 
emission practices
What are the factors that can support rapid scaling out 
of climate-resilient practices and technologies, taking into 
consideration context-specific needs?
ACTION 1.3 Support prosperity through mobility and 
rural reinvigoration
What are the opportunities for livelihoods development in rural 
areas when farming is no longer viable under climate change?
ACTION 2.1
Secure resilient livelihoods and  
value chains through early warning 
systems and adaptive safety nets
How can the “last mile” challenge in the delivery of climate 
services be overcome?
ACTION 2.2 Help farmers make better choices
How can farmers leapfrog traditional agricultural development 
pathways through digitization? 
ACTION 3.1 Shift to healthy and sustainable  
climate-friendly diets
What mechanisms are most effective (and in which contexts) 
to transition towards healthy and sustainable diets, including 
taxes, subsidies, labeling, awareness campaigns, etc.?
ACTION 3.2 Reduce food loss and waste
What are the bottlenecks that deter reduction of food loss and 
waste, and how can these bottlenecks be overcome?
ACTION 4.1 Implement policy and institutional 
changes that enable transformation
How can entrenched views and political realities be addressed to 
catalyze reform in the agriculture and food sectors in countries?
ACTION 4.2 Unlock billions in sustainable finance
What are the best practices to develop bankable projects for 
food systems transformation?
ACTION 4.3 Drive social change for  
more sustainable decisions
What are the behavioral factors for replicating and scaling 
social change?
ACTION 4.4 Transform innovation systems to deliver 
impacts at scale
What are the best practices to improve knowledge generation 
processes to support the transformation agenda?
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C H A P T E R 4 
Playing your part in fixing 
food systems 
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With only 10 cropping seasons left to achieve the SDGs in some countries, the need for ambitious 
action has never been more urgent. The onus for action falls not only on countries themselves, but 
also on the different stakeholders in food systems. We believe that a concerted effort by different 
stakeholders can catalyze a transformation, and thus we have identified priorities for different stake-
holder groups to play their part (Figure 21).
Countries: In the lead up to the second round of NDCs, there is growing evidence that the Paris 
Agreement’s goal of containing warming to 2°C, let alone 1.5°C, will not be met with the current set 
of commitments and action. Actions to transform food systems in countries need to be a priority in 
the next set of NDCs based on context-specific needs and readiness for implementation. Opportuni-
ties include developing markets and public-private partnerships to scale climate-resilient practices, 
establishing safety nets to secure livelihoods, upgrading rural infrastructure and enhancing the quali-
ty of life in rural areas, ending perverse incentives, and protecting high-carbon landscapes.
Research community: The research community needs to break silos, embrace failure and 
quicken the pace of technological change, providing end-to-end solutions to meet the needs of all 
stakeholders in food systems. This involves developing an “ecosystem for innovation” that is fit for 
purpose and goes beyond traditional comfort zones. This would include research in crop/livestock 
breeding, digitization, finance, business models, behavioral change, etc., providing solutions with the 
power to catalyze a transformation. Changes are needed to incentive structures, management and 
governance for researchers and the public sector in agricultural research for development systems 
in order to make this vision a reality. 
F I G U R E 21.Stakeholder groups needed for a transformation in food systems 
Civil society
Demand action  
from government and 
private sector
Build awareness  
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Political and social thought leaders
Catalyze ambitious and transformative actions    |    Acknowledge pluralistic values and approaches
Transformation in food systems
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International development organizations: Business-as-usual approaches to development 
are not going to realize a transformation. There is a need for NGOs, international organizations and 
donors to reorient the goals of development institutions and bridge research and policy gaps in a 
way that reflects the urgency and need for ambition at scale. Major opportunities include redirecting 
humanitarian aid to building adaptive safety nets, facilitating South-South, North-South and triangular 
cooperation strategies to reach scale, facilitating the development and deployment of public-private 
partnerships, and advancing gender equality and social inclusion. There is a need for international 
development organizations to show leadership on emerging topics such as sustainable diets and 
food loss and waste, providing tailored solutions to countries.
Farmers: Farmers continue to be on the front line of climate change and other challenges for 
food production in a changing global economy, but there is a possibility to turn these challenges 
into opportunities and for farmers to be the solution providers catalyzing a transformation in food 
systems. This requires an experimental mindset among farmers and efforts to strengthen social 
capital and collaboration, which will enable farmers to better negotiate with industry and government 
and make their voices heard in decision-making processes. Work with farmers needs to take into 
account the priorities and opportunities of different farmer groups: small-scale farmers, women, 
youth, and marginalized and indigenous farmers.
Businesses: Business opportunities in implementing the SDGs related to 
food are valued at around US$2.3 trillion per year by 2030, representing a huge 
opportunity for current businesses and for entrepreneurship in the sector. 
Realizing these opportunities requires investment to the tune of US$320 billion 
per year. Businesses should take cognizance of the opportunities and pursue 
new ones through disruptive innovations and technology transfer. Opportunities 
include increasing transparency and accountability of major commodity supply 
chains, expanding access to credit for implementing climate-resilient practices, 
sustainable micro irrigation, risk-based insurance mechanisms, reducing food 
loss and waste, and ushering in digitization with bundled services for farmers. 
Financial institutions need to tighten minimum standards, set up blended 
finance solutions with public partners at scale, and provide access to knowledge, 
network and financial products that reward the transformation.
Civil society: The role of civil society in demanding climate action has 
been in the spotlight over the last year, from climate strikes in schools to the 
extinction rebellion. Climate action is a key concern for an increasing number 
in the electorate. Social movements will need to continue their role, to demand 
ambitious action from governments and the private sector, build awareness, 
and foster collective action among communities. At the same time, greater civil 
society representation in governance systems can not only raise ambition but 
also support implementation, in areas including promotion of sustainable and 
healthy diets and reducing food loss and waste.
Political and social thought leaders: For a transformation in food 
systems to occur, we need strong leadership, both intellectual and political, to escalate the 
issue to the highest levels. Growing support from world leaders is welcome, but this leadership 
needs to catalyze ambitious and transformative actions across private and public stakeholders, 
acknowledging pluralistic values and approaches. Building on an effective science-policy nexus, 
there is an opportunity to capacitate youth and catalyze action in areas that require social change 
such as diets and social norms.
“To achieve the SDGs 
and to succeed in 
business, ‘business 
as usual’ is no longer 






strategies to deliver 
these actions at scale 
within this decade.” 
—Sunny Verghese, Co-Founder 
and Group CEO, Olam
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Annex 1. Approach and methods
Transforming food systems under a changing climate is an initiative led by the CGIAR Research 
Program on Climate Change, Agriculture and Food Security (CCAFS) together with a wide range of 
partners that aims to realize a transformation in food systems by mobilizing knowledge and catalyz-
ing action. The initiative brings together leaders in science, business, farming, policy and grassroots 
organizations to identify pathways for transformation. 
To date, the process for this initiative has involved six main elements: 
 1  In 2019, five work packages were developed on key areas of food systems that have the 
potential to redefine the way the food systems function and which need to advance within  
the next decade. Each work package was commissioned to produce a report. The five reports, 
as well as briefing versions of each, are accessible below and through the initiative website, 
www.transformingfoodsystems.com: 
• Future technologies and food systems innovation for accelerating progress  
towards the Sustainable Development Goals
• Adaptation and development pathways for different types of farmers
• Transforming food systems under climate change: local to global policy as a  
catalyst for change
• Financing the transformation of food systems under a changing climate
• What is the role of changing diets in the transformation of the global food system? 
 2  A Panel of Experts was then formed. This globally representative group of leaders in business, 
development and science was tasked with preparing the final “Vision and Action Report”—this 
report—drawing on the reports of the five work packages above. 
 3  At the same time, an Advisory Group was formed to provide strategic advice on the positioning 
of the initiative, facilitate connections with other relevant initiatives, and support communication 
and dissemination of the Vision and Action Report.
 4  A consultative process involving events in Bonn, Cape Town, Katowice, Oxford, Rome, Zurich, 
Bali and Madrid was carried out to solicit input to the initiative and feedback on drafts of the 
Vision and Action Report.
5  The Vision and Action Report on transforming food systems under climate change was 
published. 
 6  Alongside these steps, a major communications campaign has been carried out to raise 
awareness of the initiative, engage a variety of stakeholder groups, and share outcomes. 
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